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In most developed countries, as the largest population cohorts approach the
age of sixty-five, the impact of population aging on health care expenditures
has become a topic of growing interest. This articles examines trends in el-
derly disability and end-of-life morbidity, estimations of the cost of dying, and
models of expenditures as a function of both age and time-to-death and finds
broad improvement in mortality and morbidity among the elderly in the de-
veloped world. Reduced mortality and low growth in the costs associated with
dying could reduce forecasted expenditures, but high growth in expenditures for
those not close to death and for nonhospital services could create new economic
pressures on health care systems.
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In most developed countries, as the largest
population cohorts approach the age of sixty-five, the impact of
population aging on health care expenditures has become a topic of

growing interest in academic and policy circles. The potential economic
stakes of the coming demographic transition are substantial. The impact
of these demographic trends on expenditures is a function of the number
of people in high-use categories, the length of time that they remain in
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that category, and the cost of the health services they use. Older persons
use more health care. In OECD nations, the average per capita expen-
ditures for persons age sixty-five and older are two to eight times more
than those for the working-age population and steadily increase with age
(CMS 2006; Freund and Smeeding 2002; Mayhew 2000). The propor-
tion of OECD populations in these higher-spending cohorts is projected
to grow from 13.0 percent in 2000 to 20.9 percent in 2030 (OECD
2006). Assuming that age-specific spending distributions remain fixed,
expenditures as a proportion of GDP are predicted to grow by as much
as three percentage points in the first half of the twenty-first century in
both the United States (Dang, Antolin, and Oxley 2001) and the Euro-
pean Union (EU) (Bains and Oxley 2004; EPC 2003), which places the
sustainability of health care into doubt.

These assumptions may not prove to be accurate, however. Predic-
tions of rapid growth in expenditures based on the growing size of el-
derly cohorts are not reflected in the data. For example, in the United
States, the proportion of the population over age sixty-five grew from
9.8 percent in 1970 to 12.4 percent in 2000 (OECD 2006), yet by one
estimate the shift in population age distribution accounted for only 0.2
percentage points of the 4.3 percent inflation-adjusted annual growth in
expenditures (Meara, White, and Cutler 2004). Similar results have been
observed in other OECD nations. Analyzing individual health services
utilization, Barer and colleagues (1989, 2004) estimated the effect of the
population’s aging on annual service utilization growth in the Canadian
province of British Columbia between 1969 and 1996 at less than 0.5
percent, even though the proportion of the population aged sixty-five
and older grew from 9.3 to 12.6 percent (BC Government Statistics
2007). In addition, cross-sectional studies of aggregate national spend-
ing levels in several countries found the percentage of the population over
age sixty-five to be, at best, a weak predictor of expenditures (Gerdtham
1992; Gerdtham et al. 1992; Getzen 1992; Hopkins and MacDonald
2000; Reinhardt, Hussey, and Anderson 2002).

The aging of the population is only one driver of health care expendi-
tures, and the effects of the relatively slow pace of demographic change
may be overwhelmed by other factors like the introduction of new tech-
nologies and treatments (McClellan 1996, Cutler and McClellan 2001;
Meara, White, and Cutler 2004); increased utilization, for example, of
drugs and diagnostic tests; and price inflation, particularly given the
tight labor markets in health care (Goetghebeur, Forrest, and Hay 2003;
Hay 2003; Jacobzone et al. 1998; Koenig et al. 2003). Nevertheless, with



Counting Backward to Health Care’s Future 215

the most rapid growth in elderly cohorts still to come, it is important
to clarify how their relative spending patterns in old age are likely to
compare with those of recent generations, in order to determine whether
population aging will remain a toothless tiger or start to bare its teeth.

One key issue is the extent to which higher health care costs at older
ages are associated with aging, death, or some combination of the two.
Population aging is conventionally used to mean an increase in the per-
centage of people over the age of sixty-five. This increase reflects changes
in the number of people entering a particular age cohort, as well as
changes in how long each stays there (i.e., longer life expectancy). To the
extent that aging is driven by the higher number of people entering the
age cohort, larger cohort sizes at higher-spending ages might be expected
to lead to higher expenditures. The effect on expenditures of aging due
to lower death rates is less clear. Again, cohort sizes increase, yet the
improvement in mortality implies an improvement in health, possibly
leading to lower expenditures.

In the last two decades of the twentieth century, age-specific death
rates in the United States fell, leading to a net decline in the overall
population mortality rate of 2.5 percent (CDC 2006). If mortality rates
continue to drop, the effect of the growing cohorts of elderly on future
expenditures could be mitigated. Conversely, to the extent that expendi-
tures are associated with age, independent of life expectancy, these lower
mortality rates would mean more elderly people and higher expenditures.

One way to analyze the trajectories of health expenditures and mor-
bidity developments at the end of life is to begin with death and work
backward. Researchers use mortality-based analyses to answer such ques-
tions as, If people are dying at older ages on average, how do health
expenditures in the last years of life change with the age at death? How
does age affect health expenditures for those people still many years from
death? Do changes in mortality parallel similar changes in the health
status of people still living? How quickly do people in different age
groups deteriorate from good health to death? And most important, are
these relationships among age, death, and expenditures changing over
time?

To answer these questions, this article reviews the literature on age,
mortality, morbidity, and expenditures, particularly the use of time-to-
death as a variable for modeling individual health expenditures. Unlike
strictly age-based models, time-to-death models count backward from a
fixed reference point (a known date of death) and measure expenditures
against this backward count. This approach enables us to identify and
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model more specifically the separate effects of mortality and age. When
the effects of mortality are controlled, the estimated relationship between
age and expenditures can capture more subtle aspects of the aging process,
such as how the utilization of services changes with age, and hence can
offer more accurate forecasts of future expenditures.

Our review first presents an analytical framework for understanding
the relationship between mortality and morbidity at the end of life and
how this relationship might change both over time and with age at death.
The framework is based on the “epidemiological transition” debate about
whether morbidity is compressing, expanding, or staying the same. We
then survey empirical studies of morbidity prevalence to determine the
degree of support for these competing theories.

Second, we review the literature that uses individual-level data to
measure the “cost of dying.” These studies generally compare the health
care costs for a given age group of people who died (decedents) to
those still living (survivors). Differences in the costs for decedents ver-
sus those of survivors of different ages reflect the “intensity of care,”
and changes in age-specific intensity over time in conjunction with
demographic forecasts suggest possible future scenarios for aging and
expenditures.

The third section of this article introduces the relatively new and
growing body of literature that uses individual-level data to develop
empirical models of the relationship between expenditures and time-
to-death. These studies are a natural extension of the literature on the
cost of dying reviewed in the second section but add more quantitative
rigor and analyze larger and more complex data sets. They move beyond
the binary comparison of decedents and survivors to a more continuous
measure of how expenditures change as death approaches. Finally, we
examine how such models clarify the relationship between age, mortality,
and morbidity among the elderly and enable more accurate expenditure
forecasts.

Analytical Framework: Relationships
between Mortality and End-of-Life
Morbidity

As figure 1 shows, U.S. data demonstrate a close relationship between
per capita expenditures and death rates, both of which rise steadily with
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figure 1. U.S. Per Capita Health Expenditures and Death Rates by Age
Group, 1999–2000.

age (CDC 2006; CMS 2006). The literature suggests a direct association
between high expenditures and death: in the American Medicare pro-
gram, the 5 percent of beneficiaries aged sixty-five and over who die
each year account for 25 to 30 percent of total expenditures, although
these have dropped somewhat over time (Hoover et al. 2002; Lubitz
and Riley 1993). Similarly, in the Canadian province of Manitoba, the
1 percent of the adult population who died in 2000/2001 accounted for
21 percent of expenditures (Menec et al. 2004). It is not death itself that
drives up expenditures, however, but the morbidity that precedes and
may eventually lead to death.

Cutler and Sheiner (1998) provide a useful framework for analyzing
aggregate expenditures. They look at expenditures as the sum over all
ages of the product of (1) the number of people alive in each age group,
(2) the average health status at each age, and (3) the per capita medical
spending conditional on health status, which also varies according to
age. Note that this framework looks only at averages and ignores the
considerable skewing of health status and costs within each age group
(Deber, Forget, and Roos 2004). Indeed, sick people of all ages are likely
to be expensive, whereas most healthy people in all age cohorts incur
relatively few costs.

Most demographically derived predictions of future health care spend-
ing focus on numbers of people, assuming that their average health status
remains constant and per capita spending grows at rates equal to the rate
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of inflation, in either the general economy or health care specifically
(Dang, Antolin, and Oxley 2001; Miller 2001). As we noted earlier,
however, the increasing number of older people is at least partially due
to their lower mortality rate. If age-specific mortality rates fall, health
status defined in terms of disability or illness—Cutler and Sheiner’s
second factor—may improve as well. In that case, forecasts of future
expenditures may be too high, since they take into account the larger
number of people alive at older ages based on improvements in mortal-
ity, but not the potential improvement in health status and lower need
for health care that might be associated with these gains. In contrast,
if mortality gains are associated with greater morbidity in the higher
number of survivors, the forecasts may be too low. Empirical data are
required.

Epidemiological Transition: The Theory

Considerable theoretical and empirical research has addressed the rela-
tionship between morbidity and mortality. The empirical work typi-
cally measures the prevalence of morbidity and enters these rates into
mortality-based life tables to calculate health-adjusted life expectancies
(HALE). Life expectancies are segmented into a healthy period (assumed
to be low morbidity) and a period of high morbidity at the end of life.
Depending on how morbidity is measured, HALE may also be char-
acterized as disability-free life expectancy (e.g., Crimmins, Saito, and
Reynolds 1997; Freedman et al. 2004; Sagardui-Villamor et al. 2005)
or disease-free life expectancy (e.g., Mathers, Iburg, and Begg 2006;
Mathers et al. 2001, 2004).

The theoretical framework places trends in elderly mortality and mor-
bidity in the context of the epidemiological transition. First introduced
by Abdel Omran (1971/2005), the concept of the epidemiological transi-
tion characterizes how social, environmental, and health factors combine
to change life expectancies, the most common causes of death, and the
prevalence of disease among successive population cohorts. For example,
medical and social advances that drastically reduced the rates of mortality
due to infectious diseases and heart disease have significantly changed
the size and composition of the cohorts surviving into old age (Cutler and
Richardson 1997; Mathers et al. 2001). Because these are cohorts that
before these advances might have died earlier, rates of disease prevalence
and morbidity are likely to change as well.
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Researchers contemplating the interaction of these cohort effects,
medical advances, and socioeconomic factors have reached a wide range
of conclusions with respect to the likely implications for morbidity at
the end of life. Fries (1980) popularized the concept of “compression
of morbidity,” predicting that, for the elderly, the period of morbidity
preceding death would shrink over time. He argued that gains in life
expectancy would slow to the extent that premature deaths due to disease
approached zero. Further reductions in mortality would thus have to oc-
cur mainly among the elderly, for whom past gains have been relatively
minor. Fries theorized that at some point, medicine would be unable to
mitigate the process of natural aging and that human longevity would
approach a natural limit. Nonetheless, improvements in lifestyle, so-
cioeconomic conditions, and medicine could reduce chronic conditions
within that relatively fixed life span and thus would shorten the pe-
riod of infirmity preceding death. The next cohorts of elderly would be
healthier than they were in the past.

As a counterargument to Fries’s compression hypothesis, Olshansky
and colleagues (1991) presented a theory of expansion of morbidity. Even
though they generally agree with Fries regarding limits to longevity
(Olshansky, Carnes, and Cassel 1990), they suggest that even minimal
mortality gains at old ages would lead to increasing morbidity asso-
ciated with people surviving for longer periods with nonfatal chronic
conditions.

Figure 2 depicts competing theories of end-of-life morbidity. Each of
the three pairs of horizontal bars represents the lifetime experience of
population cohorts separated in time and experiencing different rates of
both mortality and morbidity. In all cases, life expectancy is assumed
to increase. In the first pair (2a), reductions in age-specific mortality
rates (leading to longer life expectancy) have exceeded reductions in the
age-specific rate of morbidity incidence. Consequently, the period of
chronic end-of-life morbidity expands, as represented by the growth in
the hatched area of the bar. In the second depiction (2b), the combi-
nation of lower age-specific morbidity incidence and an increase in life
expectancy leads to a roughly equal postponement of both death and the
onset of chronic morbidity. In this scenario, morbidity neither expands
nor compresses; instead, the length of the period of chronic end-of-life
morbidity remains relatively unchanged. In the final depiction (2c), the
relationship between changes in life expectancy and age-specific mor-
bidity is reversed from scenario 2a, with the incidence of morbidity now
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2a: Expansion of morbidity. In expansion, the change in life expectancy, represented by the difference
between life spans O'D'and OD, exceeds the change in morbidity-free life expectancy (O'M' - OM).  The
result is an expansion in the length of morbidity at the end of life (hatched portion of bars), i.e., D'-M' > D-M.

2b: Postponement of morbidity. In postponement, the shifts DD' and MM' are equal in magnitude
so that there is no difference in the length of end-of-life morbidity between periods.

2c: Compression of morbidity. In compression, the shift in onset of end-of-life morbidity, MM' exceeds
the change in life expectancy, DD', resulting in a compression of end-of-life morbidity.

O M D

O' M'
D'

O M D

O M D

O' M'
D'

O' M' D'

figure 2. Illustration of Expansion, Postponement, and Compression of
Morbidity Theories.
Legend: O = beginning of life; M = onset of end-of-life morbidity; D = death.
The shift from the upper to the lower bar in each pair (i.e., from OD to O′D′)
represents a change in the population’s health and life expectancies for a period
of calendar time.

falling faster than mortality. This is Fries’s compression of morbidity
scenario.

Epidemiological Transition: The Evidence

The hatched area of the bars in figure 2 can be defined as the differ-
ence between total and health-adjusted life expectancy. The compression
of morbidity theory predicts that this difference will shrink, either in
absolute terms or as a percentage of total life expectancy. The expansion
of morbidity theory predicts just the opposite.
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One challenge to the empirical literature is reconciling the many dif-
ferent ways in which morbidity can be measured (Murray, Salomon, and
Mathers 2000; Robine and Michel 2004). Among the potential mea-
sures are disability (i.e., the ability to complete activities of daily living,
ADL, and/or instrumental activities of daily living, IADL); self-reported
health status; and the prevalence of chronic diseases. These different
measures also may move in opposite directions, thus complicating the
identification of time trends in population morbidity.

Despite these potential complications, the evidence concerning re-
cent trends in morbidity is quite consistent and generally favors the
theory of compression. In many developed countries, most measures of
morbidity among the elderly have declined in recent years (Crimmins
2004; Doblhammer and Kytir 2001; Jacobzone, Cambois, and Robine
2000; Jagger, Barberger-Gateau, and Robine 2005; Manton, Stallard,
and Corder 1995; Manton, Stallard, and Liu 1993; Robine and Michel
2004; Sagardui-Villamor et al. 2005; Spillman 2004), after a period of
relatively stagnant morbidity in the 1970s and early 1980s (CDC 2007;
Crimmins 2004; Crimmins, Saito, and Reynolds 1997). For the elderly,
the prevalence of disabilities with ADLs and IADLs fell at an annual
rate of 1.5 to 2 percent in the 1990s and into the 2000s (CDC 2007;
Crimmins, Saito, and Reynolds 1997; Fries 2003; Jacobzone, Cambois,
and Robine 2000; Singer and Manton 1998). Improvements of a similar
magnitude have also been observed in self-reported ratings of health sta-
tus (CDC 2007; Crimmins 2004; Doblhammer and Kytir 2001; Jagger,
Barberger-Gateau, and Robine 2005). Although the prevalence of many
chronic diseases like arthritis, diabetes, and cancer has increased (CDC
2007; Cutler and Richardson 1997; Robine and Michel 2004; Robine,
Mormiche, and Sermet 1998), both theory (Manton 1982) and evidence
(Crimmins 2004; Mathers, Iburg, and Begg 2006; Mathers et al. 2004;
Robine, Mormiche, and Sermet 1998) indicate that the average severity
of these diseases is declining, so that the greater prevalence of disease is
consistent with falling levels of disability.

To estimate whether end-of-life morbidity has compressed or ex-
panded, morbidity trends must be compared with developments in
mortality. The limit to longevity predicted by Fries and Olshansky
has not yet been reached (Fries 2003; Jacobzone, Cambois, and Robine
2000; Wilmoth 2000), and age-specific mortality continues to improve,
particularly at older ages. Mortality rates for people aged seventy-five
and older in the United States fell 1.2 percent annually between 1980
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and 2003 (CDC 2006). But since age-specific disability declined even
faster (1.5 percent or more), the proportion of life characterized as “dis-
ability free” has expanded (Crimmins 2004; Crimmins, Hayward, and
Saito 1994; Crimmins, Saito, and Reynolds 1997; Jagger, Barberger-
Gateau, and Robine 2005; Manton 1988; Mathers et al. 2004; Singer
and Manton 1998). For example, Crimmins, Saito, and Ingegneri (1997)
estimated that the portion of life after sixty-five expected to be free of
disability rose from 49 percent in 1980 to 51 percent in 1990 (also
see Crimmins and Saito 2001). More recently, Sagardui-Villamor and
colleagues (2005) estimated substantially larger improvements in Spain
between 1986 and 1999, with the disability-free portion growing by 20
percentage points for both sexes.

Combining morbidity prevalence data and mortality incidence data
into one calculation presents potential issues concerning timing and
cohort effects (Barendregt, Bonneux, and Van der Maas 1994; Mathers
and Robine 1997; Murray, Salomon, and Mathers 2000). Simplifying life
into a three-stage model—healthy, pre-death morbidity, and death—
does not allow for transitions back and forth between the healthy and
morbid states or for gradations of morbidity. To address this concern,
researchers have introduced multistate models that incorporate rates of
incidence and remission from states of morbidity (e.g., Crimmins, Saito,
and Reynolds 1997; Manton and Stallard 1996, Mathers and Robine
1997), but empirical applications of these models show relatively little
change from the base estimates (Murray, Salomon, and Mathers 2000).
As a result, most of the literature continues to use the simpler life-table
methods using morbidity prevalence.

It is tempting to conclude that the compression of morbidity evident
in the estimations of increasing disability-free life expectancy should
translate into less money spent on health care. As a first approxima-
tion, we can link the epidemiological transition to expenditure trends,
in which the costs in the hatched portions of the bars will be rela-
tively high and the costs in the remainder, relatively low. In that case,
a compression-of-cost scenario would predict a relatively short period
of high expenditures (often in the period right before death), whereas
an expansion scenario would predict a relatively long period of high
expenditures associated with longer survival with a chronic disease.

For example, Singer and Manton (1998) argue that if the 1.5 percent
annual rate of decline observed in U.S. disability rates were to continue
through 2070, it could fully offset the expected economic burden of an
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aging population and that the support ratio (the number of economically
active persons aged twenty to sixty-four relative to the number of chron-
ically disabled persons aged sixty-five and older) could be maintained at
1994 levels. If there were no further improvements in morbidity, how-
ever, this ratio would fall by more than 60 percent. Jacobzone, Cambois,
and Robine (2000) reached similar conclusions from a broad survey of
OECD disability and demographic data, projecting that the growth of
long-term care spending as a share of GDP could be completely elim-
inated by improved disability trends in the United States and could
be substantially reduced even in OECD countries with lower projected
growth in the working-age population.

Jacobzone and colleagues (1998), however, sounded a note of caution
in linking disability trends to developments in health expenditures.
Apparent improvements in population morbidity may be due to one
or a combination of the following factors: the increased usage of the
health care system, more effective health care, and healthier lifestyles.
Different combinations of these variables carry different implications
for expenditures. In some studies, elderly people’s greater independence
parallels their greater use of technology and personal aids, suggesting
that better—and more expensive—management of symptoms may be
more responsible for the observed improvement than better individual
health is (Freedman et al. 2004; Manton, Stallard, and Corder 1995;
Spillman 2004).

Because health care services may be used to prevent disease and mit-
igate symptoms, the declines in disability and poor self-rated health
cannot, without further research, be directly linked to less consump-
tion of care. The evidence presented in this section regarding morbidity
and mortality trends describes developments in age-specific health sta-
tus, which is the second factor in Cutler and Sheiner’s decomposition of
health expenditures. To complete the picture, evidence is required for the
third factor: medical spending associated with health status. The remain-
ing sections of this article review the literature examining expenditure
data in the context of mortality.

The Cost of Dying

Cost-of-dying studies fall into two broad categories. Decedents-only studies
count “lifetime costs” (often from eligibility for U.S. Medicare at age
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sixty-five to death) of known decedents, plot these against time-to-death,
and compare total costs and the shares of total costs incurred in the last
year(s) of life for decedents of different ages. Decedents-versus-survivors
studies compare the health care expenditures of individuals dying in a
given period with those in the same age cohort who continue living. The
results are often expressed as decedent/survivor cost ratios. The second
method is used in a broader range of studies, allowing comparisons across
different sectors of the health care system, jurisdictions, and age groups.
With health status approximated by proximity to death, cost-of-dying
estimates can estimate Cutler and Sheiner’s third factor: the intensity of
care for a given health status.

Decedent Costs and Age

Although the relationship between health care expenditures and death
changes significantly with the age at death, it is important to note
which health care sectors are included in the expenditure measurement.
For services covered by U.S. Medicare, 30 to 50 percent less is spent in
the last year(s) of life on decedents at ages older than eighty-five versus
those between sixty-five and seventy-five (Hoover et al. 2002; Levinsky
et al. 2001; Lubitz, Beebe, and Baker 1995; Lubitz and Prihoda 1984;
Lubitz and Riley 1993; Miller 2001; Yang, Norton, and Stearns 2003),
with a greater decline with age in decedents’ hospital costs. That is,
hospital costs for decedents aged eighty-five and older are estimated to
be 50 percent lower than for those between sixty-five and sixty-nine
in the United States (Yang, Norton, and Stearns 2003) and as much as
70 percent lower in Denmark (Madsen, Serup-Hansen, and Kristiansen
2002).

These results appear to depend partly on how care is organized and
financed. For example, one Canadian study (McGrail et al. 2000) found
that hospital costs dropped 30 to 35 percent between the oldest and
youngest age groups. This drop is not reflected in the number of days
spent in hospital, however; Roos, Montgomery, and Roos (1987) and
Menec and colleagues (2004) estimated that the number of inpatient
hospital days in Manitoba peaked for decedents aged seventy-five to
eighty-four and that there was relatively little difference between the
over-eighty-five and the sixty-five-to-seventy-four age groups, implying
that although the number of hospital days did not decline linearly with
age, the intensity of services received per hospital day did. Lower intensity
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of hospital care with age was found as well in the U.S. Medicare program
(Levinsky et al. 2001; Long and Marshall 2000). In contrast with the
Manitoba results, Busse, Krauth, and Schwartz (2002) found age-related
declines of nearly 50 percent in the number of days that decedents spent
in hospitals in Germany. These findings point to potentially significant
differences in the way that hospitals are used in different jurisdictions.

But hospital and Medicare costs are only part of the health care system,
and other sectors may not have the same relationship between age and
decedent costs. In particular, services such as nursing homes and home
care, which are not always covered by public funding, are largely used by
the very old (or very ill) and may substitute for hospitals or emergency
rooms (Werblow, Felder, and Zweifel 2005). A key policy question is
who bears what costs and whether financial barriers to using certain
services might affect observed expenditures.

The literature confirms that nonhospital costs-of-dying show trends
that are opposite to and often greater than those for hospital and Medi-
care costs. Decedents’ nursing home costs, in particular, rise dramatically
with the age at death, typically by a factor of five or more when com-
paring the youngest and the oldest old (McGrail et al. 2000; Menec
et al. 2004; Roos, Montgomery, and Roos 1987; Spillman and Lubitz
2002; Yang, Norton, and Stearns 2003). The costs of sectors outside
hospitals and nursing homes are less commonly studied, but the avail-
able evidence suggests that home care and outpatient pharmaceutical
costs demonstrate a similar, but somewhat weaker, increase as that of
nursing home costs (McGrail et al. 2000; Menec et al. 2004; Spillman
and Lubitz 2002; Yang, Norton, and Stearns 2003). Expenditures on
physicians more closely resemble hospital costs, although for decedents
the decline, with age, in spending is somewhat weaker (Madsen, Serup-
Hansen, and Kristiansen 2002; Menec et al. 2004). Hoover and col-
leagues (2002) found that all non-Medicare costs combined doubled for
decedents aged eighty-five and older versus sixty-five to seventy-four,
while Yang, Norton, and Stearns (2003) showed that Medicaid costs
(mainly nursing homes costs at these ages) more than tripled for the
same age groups.

When nursing home and non-Medicare costs are combined with
hospital and/or Medicare costs to obtain decedents’ costs for a more
complete spectrum of health care services, a more stable relationship
between age and cost emerges. Hoover and colleagues (2002) and Yang,
Norton, and Stearns (2003) all found that the total costs for decedents
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changed minimally with the age at death. In contrast, McGrail and
colleagues (2000) estimated a rise of 42 percent in Canadian decedents’
costs for ages eighty-five to eighty-seven, as compared with age sixty-six.
Such differences, in a jurisdiction with relatively high levels of public
funding, may reflect the potential impact of service mix and the extent
of public financing. Because the mix of services received changed from
primarily hospital-based care for the younger old to primarily nursing
home and home care for those eighty-five and older, more generous cov-
erage for nonhospital services (e.g., through Medicaid) could raise the
cost differential with age. When putting together all costs, the higher
average age at death does not reduce the economic burden to society of
caring for the dying, although it does lower the portion for acute care. At
best, decedents’ costs remain stable with age. But who bears those costs
is likely to vary, with lower costs to public payers in systems that leave
more of the costs of nursing homes and home care to private insurers
and/or individuals and their families.

Although they do not directly estimate expenditures on survivors,
the lifetime cost studies do shed light on the important question of
whether longer lifetimes entail higher cumulative expenditures. As with
other findings in this literature, the difference between the costs of
Medicare or hospitals and those for nursing or social care is substantial.
Evidence of lifetime Medicare costs indicates that cumulative costs rise
at a decelerating rate with age at death to age ninety and then level
off (Gornick, McMillan, and Lubitz 1993; Lubitz, Beebe, and Baker
1995). Rather than add more years of expenditure, longer lifetimes are
more likely to delay but not increase the years of heavy spending, not
unlike scenario 2b from figure 2. When non-Medicare expenditures are
considered, however, the conclusions change (Spillman and Lubitz 2000,
2002). Lifetime expenditures for nursing homes and home care grow at
an accelerated rate with age at death, pointing more to scenario 2a’s
expansion of morbidity.

Survivor Costs and Age

Although a higher average age at death may not reduce decedents’ average
costs, lower mortality rates will nonetheless lower the percentage of
decedents in any age group, so that decedents’ total costs to society
could still fall. This decline would be only temporary, since every cohort
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will eventually die and incur the costs of dying, but a continued decline
in mortality could help spread out what would otherwise be a rapid
acceleration in expenditures as the population ages. However, if the
expansion of morbidity thesis holds, or if the intensity of care for survivors
grows, then the growing survivor cohorts created by lower mortality rates
will place heavy demands on the health care system.

Table 1 summarizes the cost-of-dying studies. Here we move from the
decedent-only results summarized earlier to studies comparing survivors
and decedents within the same age cohort, thus offering insight into the
health expenditures of survivors of different ages. Similar to the case
of decedent costs, nursing home and non-Medicare survivor costs rise
much faster with age than do the costs of hospitals and the Medicare
program. Nursing home costs for survivors in the younger ages near
sixty-five are very low, and as a consequence of this low base, the growth
of costs for older survivors is high and variable. Nursing home costs for
ages over eighty-five are estimated to be anywhere from twelve (Roos,
Montgomery, and Roos 1987) to more than thirty times (McGrail et al.
2000) those at age sixty-five. Taking into account all non-Medicare costs,
when the costs for younger survivors are higher than for nursing homes
alone, Hoover and colleagues (2002) calculated a smaller multiple of 3.6
times in comparing those aged eighty-five and older with those aged
sixty-five to seventy-four.

Unlike the case of decedents’ costs, survivors’ hospital and Medicare
costs continue to rise with age and are 50 to 70 percent higher for the
older old versus the younger old (Hoover et al. 2002; Lubitz, Beebe,
and Baker 1995; Lubitz and Riley 1993; Madsen, Serup-Hansen, and
Kristiansen 2002). Again, studies that measure inpatient hospital days
instead of costs estimate a higher growth rate with increasing age (Busse,
Krauth, and Schwartz 2002; Menec et al. 2004; Roos, Montgomery, and
Roos 1987), suggesting that the intensity of hospital care may diminish
for the oldest categories. The total costs from all components of the
health care system for survivors more than double from age sixty-five
to seventy-four to age eighty-five and older (Hoover et al. 2002) and
continue to grow for even older ages. McGrail and colleagues (2000)
compared sixty-five-year-olds with those aged ninety to ninety-three
and found that the total costs for survivors in the older cohort were eight
to nine times as high.

The combination of slow or no growth in decedents’ total costs and
rapid growth in survivors’ costs with age leads to an increasingly small
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difference between decedents and survivors at older ages. The ratio of
decedents’ to survivors’ costs for all services falls from six times or higher
at age sixty-five to less than three times higher at ages older than eighty-
five (Hoover et al. 2002; McGrail et al. 2000; Yang, Norton, and Stearns
2003). A smaller difference between decedents’ and survivors’ costs at
older ages is perhaps not surprising. Since the remaining life expectancy
of survivors is much shorter at older ages, the distinction between dece-
dents and survivors is less clear.

Time Trends in Decedents’ and Survivors’ Costs

The evidence thus far compiled from the cost-of-dying literature identi-
fies a number of conflicting forces that could affect health care systems as
the population ages. On one hand, decedents in all age groups cost more
than survivors do, suggesting that lower mortality rates would reduce
expenditures. Countering this, as more people survive to older ages, the
difference between decedents’ and survivors’ costs falls, so that further
mortality gains at these ages offer a much smaller cost benefit. As the
average age at death rises with declining mortality, a greater percentage
of the population may experience a longer period of morbidity, so that
at the population level, the expansion of morbidity may appear to hold.

The debate between the compression versus the expansion of morbid-
ity introduced in the first section of this article is not so much about
how end-of-life morbidity changes with age as about how end-of-life
morbidity at any age changes over time. One key issue, as the propo-
nents of the compression of morbidity theory might argue, is whether
the high cost of elderly survivors is likely to change over time. The typ-
ical ninety-year-old of the future may be different in regard to health
status, lifestyle, and preferences from the ninety-year-old of today and
consequently may use the health care system in different ways. Potential
future changes can be detected only by using current changes as a basis
for projecting future developments.

Few cost-of-dying studies directly estimate time trends in either the
ratios or the survivors’ and decedents’ costs separately. General trends
can be inferred by comparing studies from different time periods, but
care must be taken to ensure that the data and methods supporting the
studies are consistent and comparable.

Spillman and Lubitz (2000) and Lubitz, Beebe, and Baker (1995) used
the same methodology and the same (Medicare) data set, which enables
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us to calculate changes in Medicare costs from age sixty-five until two
years before death and Medicare costs over the last two years of life
for different ages. Table 2 shows the results of this calculation for ages
seventy and ninety. Both end-of-life care and regular care grew faster for
younger than for older ages, and survivors’ costs for all ages grew much
faster than decedents’ costs did.

In contrast to the 1989–1996 comparison, a direct time trend anal-
ysis of Medicare expenditures provided by Lubitz and Riley (1993) for
the period 1976–1988 found that inflation-adjusted decedent and sur-
vivor costs grew at close to the same rate for all ages, with survivor
costs growing slightly faster than decedent costs for ages sixty-five to
seventy-four and decedent costs growing faster at ages beyond seventy-
five. Interestingly growth rates for both decedent and survivor costs
increased with age: 1988 costs for ages sixty-five to sixty-nine were ap-
proximately 32 percent higher than 1976, while costs for ages eighty-five
and older grew 44 percent. Overall, for all ages over sixty-five, growth
in survivor costs was 43 percent versus 40 percent growth in decedent
costs.

These differences in trends in Medicare costs indicate how health care
provision and consumption may have changed in past decades. After
a period where the highest growth in Medicare costs occurred at the
oldest ages, the more recent data suggest higher growth in expenditures
for younger age cohorts and for surviving populations. The timing of
the change coincided fairly closely with the period in which morbidity
prevalence rates among the elderly began to decline and health-adjusted
life expectancy began to grow relative to total life expectancy (see first
section of this article). The relationship between these coincidental trends
is complex. More aggressive treatment for survivor conditions may be
part of a broader focus on health among the new elderly cohorts that has
contributed to their improving morbidity. Additionally, higher growth
in costs for survivors could be caused by a higher success rate of treatment
so that mortality rates fall and costs that would previously have been
attributed to decedents now accrue to survivors. Relatively less growth
in decedent expenditures and among the oldest cohorts could be due
as much to changes in the health system as to individual health status.
Despite mixed evidence on the cost-reducing potential of changes to
end-of-life care such as hospice care, do-not-resuscitate orders, and other
advanced directives (Scitovsky 1994), these developments may have had
some effect.
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McGrail and colleagues (2000) provide some additional context to the
Medicare trends by examining hospital and social/nursing costs among
decedents and survivors in British Columbia, Canada, for the years 1986
and 1993. In contrast to the Medicare data during the same time pe-
riod, total inflation-adjusted per capita costs actually declined between
the beginning and the end of the period for all ages. During the pe-
riod, provincial budgets in Canada were under some pressure, leading
to constrained health care spending. Nevertheless, the relative patterns
among decedents and survivors and among different ages confirm those
from the Medicare studies considered earlier. Decedent medical costs—
mainly hospital and physician visits—declined more than survivor costs
and experienced their largest decline for the oldest age group, ninety to
ninety-three. Nursing costs behaved differently from medical costs in
that decedent costs rose over the period while survivor costs fell. Both the
largest rises in decedent nursing costs and the largest drops in survivor
nursing costs were experienced by the youngest age groups, so that the
difference between the two widened significantly for the youngest old
and was nearly unchanged for the oldest old.

The contrast between developments in medical and social/nursing
costs in British Columbia in combination with the Medicare trends from
the United States tells a story that fits relatively well with an improve-
ment in elderly morbidity and changes in intensity and mix of health
care service provision. Medical costs are evidently growing more quickly
among survivors than among decedents; and among decedents they are
growing more quickly in younger than older populations. At the same
time, social/nursing costs are growing faster among decedents, particu-
larly the younger decedents. The combination of reduced social care costs
for survivors and increases for decedents among the younger age groups
supports the assertion that in recent years, cohorts of seniors (survivors)
are increasingly independent. With younger survivors accounting for the
smallest decrease in medical costs at the same time as younger decedents
are receiving the largest increase in social/nursing services, it appears—
albeit from a relatively limited sample—that health care systems are
improving their ability to identify and care for patients with the best
prospects of recovery while providing social care for those who cannot
be cured. For older cohorts, aggressive medical care is being scaled back
while the cost of social care remains elevated for decedents and survivors
alike.
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Time-to-Death Models of Health
Care Expenditures

One step beyond comparing decedent and survivor populations within
age cohorts is calculating expenditures for known decedents in regular
time intervals counting backward from the date of death (e.g., Miller
2001; Roos, Montgomery, and Roos 1987). Using these data, costs can
then be modeled as a function of time-to-death, providing a comprehen-
sive estimate of the effect of impending death on expenditure trajecto-
ries. Compared with relative cost-of-dying studies, such models avoid
issues that might be raised by dividing populations into decedents and
survivors based on what is essentially an arbitrary, albeit convenient,
threshold of time left alive. There is no theoretical reason why the point
at which individuals enter their last twelve months of life should mark
a natural health transition, such as that represented by the transition to
the hatched portion of the bars in figure 2.

Indeed, the exploratory work of Roos, Montgomery, and Roos (1987)
indicates that the transition may occur much earlier than one year be-
fore death. These writers modeled hospital and nursing home days as a
function of age, sex, and time-to-death, with time-to-death represented
by a series of dummy variables (taking the value 1 or 0) for each of the
last eight years of life. This method compares utilization in these last
eight years with that by all persons known to be at least nine years from
death.

The results are stratified by age. People younger than seventy-five used
both hospitals and nursing homes in each of the last eight years of life
much differently from the individuals with more than nine years to live,
implying that the group who eventually died had a higher morbidity
for an extended period of time before death. For ages seventy-five to
eighty-four, the difference remained significant in all years for nursing
homes, but for hospitals the difference was significant only through the
sixth year before death. At ages eighty-five and older, the effect of time-
to-death on hospital utilization was visible only in the last year of life,
whereas for nursing home days, it remained significant in the last four
years.

As in the cost-of-dying analyses, the time-to-death model used by
Roos, Montgomery, and Roos found a diminishing difference between
decedents and survivors from younger to older ages. But where cost-of-
dying expresses this difference as a declining ratio between the costs for
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those in the last year of life versus all others, the time-to-death model
expresses it by a decreasing length of time at which the difference is
significant when the analysis is repeated further and further away from
the event of death. By focusing the analysis on the length of time before
death during which decedents and survivors of the same age can be
distinguished from one another, the time-to-death empirical approach
relates more directly to the question of end-of-life morbidity and health-
adjusted life expectancy described in the first section of this article and
depicted in figure 2. To be sure, health care expenditures may be only an
indirect indication of health status. But the time before death at which
decedents’ and survivors’ use of the health care system begins to separate
provides a useful empirical estimate for the point at which, on average,
healthy life ends and end-of-life morbidity begins. Roos, Montgomery,
and Roos’s paper provides the foundation for an emerging literature of
time-to-death expenditure modeling, which we review in the remainder
of this section.

Estimating the Duration of End-of-Life
Morbidity

As was the case in the cost-of-dying literature, in time-to-death models
much depends on the way that time-to-death is incorporated into the
model and how the surviving population is characterized. As can be seen
from the survey in table 3, the majority of the time-to-death models in-
clude only known decedents in their sample (Seshamani and Gray 2002,
2004a, 2004b; Zweifel, Felder, and Meiers 1999). When only decedents
are included, the comparison is typically between a baseline of obser-
vations furthest from death and every subsequent observation as death
approaches. The baseline for comparison in the literature reviewed here
ranges from the sixteenth year (Seshamani and Gray 2004b) to the eighth
quarter before death (Seshamani and Gray 2004a; Stearns and Norton
2004; Zweifel, Felder, and Meiers 1999). The results show that expen-
ditures begin to rise over a very long time period as death approaches,
even from a baseline as far back as sixteen years for hospital expenditures,
and that the difference becomes significant at the thirteenth year before
death (Seshamani and Gray 2004b).

Studies whose baseline group for comparison includes persons with no
known date of death are relatively few and use varying methodologies,
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so it is difficult to identify any consistent conclusions from their results.
In their study of Medicare expenditures, Stearns and Norton (2004)
used as their baseline cohort those persons known to be nine or more
quarters from death and found that the expenditures in each of the
last eight quarters of life differed significantly from the average of this
baseline. The effect of time-to-death appears even stronger than when
only decedents are included, an unsurprising result, since low-utilization
survivors are now captured in the comparison.

Werblow, Felder, and Zweifel (2005) and Breyer and Felder (2006)
also found a strong effect for time-to-death in their Swiss sickness fund
data, using a slightly different technique for incorporating survivors and
for time-to-death modeling in general. Instead of representing each year
or quarter with a dummy variable, time-to-death is represented as a linear
variable taking the value 1 in the last year or quarter of life, 2 in the
second-to-last year or quarter, and so on. For the surviving cohort, the
time-to-death variable is maximized at the minimum known time of life.
For example, any person known to live more than five years is assigned
a time-to-death of sixty months, even if their actual time-to-death is
much higher (Werblow, Felder, and Zweifel 2005). Unfortunately, from
the perspective of this review, representing time-to-death as a linear
variable makes it impossible to identify a notional transition point—
that is, the beginning of the hatched bars in figure 2—that is made
possible with dummy variables for each individual time period.

Time-to-Death and Age

Findings from time-to-death models generally confirm the cost-of-dying
result that impending death increases expenditures but that the magni-
tude of the difference tends to diminish at older ages. In Oxford, England,
Seshamani and Gray (2002, 2004a, 2004b) found that hospital costs in
the last years peaked at ages eighty to eighty-five and fell thereafter. For
survivors, Breyer and Felder (2006) calculated, using Swiss sickness fund
data, their costs as rising steadily with age. The result of comparing age-
expenditure curves for decedents and survivors is a time-to-death effect
that declines with age, especially in the oldest age groups. Stearns and
Norton (2004) used U.S. Medicare data to directly measure the effect
of the interaction between age and time-to-death. They found that the
positive effect on expenditures in any of the last eight quarters preceding
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death significantly diminished with age. A similar negative effect of the
interaction between age and time-to-death was estimated in the Swiss
sickness fund model of Werblow, Felder, and Zweifel (2005).

The effect of age on health care expenditures after controlling for
time-to-death is of particular interest to researchers and is germane to
the policy questions about the future health care demands of an aging
population. In particular, researchers have been asking whether the posi-
tive relationship between age and health expenditure is simply an artifact
of higher mortality rates at older ages. Grossman’s (1972) highly influ-
ential model of health care as an investment in human capital indicated
that for a given health status, the decreasing value of healthy time and
the decreasing expected length of life could reduce the equilibrium level
of desired health as age rises. If this is so, any model that includes both
time-to-death and age should estimate a negligible, or even negative,
effect for age.

The time-to-death literature is mixed on the question of the effect
of age after controlling for time-to-death. In one of the first models of
this type, Zweifel, Felder, and Meiers (1999) used Swiss sickness fund
data from the years 1981 to 1994 and found that the effect of age was
negative and statistically insignificant for the cohort of all persons sixty-
five and older. This result is the catalyst for their often-cited assertion
that age is a “red herring” and is not, in fact, an important determinant of
expenditures beyond the effect of increasing mortality. However, when
controlled for time-to-death the result of age-neutral expenditures does
not hold in other, similar studies. The estimated effect of age is positive
and significant in time-to-death models of Oxford hospital expenditures
(Seshamani and Gray 2004a, 2004b), in Medicare expenditures (Stearns
and Norton 2004), and for long-term care and physicians’ expenditures
from the same Swiss sickness fund originally studied by Zweifel, Felder,
and Meiers (data from a later time period) (Breyer and Felder 2006;
Werblow, Felder, and Zweifel 2005). The authors of the last study did
confirm the red herring result for persons who do not use long-term care
services, thereby effectively amending their thesis to a “school of red
herrings” consisting of selected sectors of the health care system.

It is not entirely surprising that the evidence on age as a red herring is
mixed. Our review of the cost-of-dying literature has identified several
age trends that should be captured in the single coefficient of age in the
time-to-death models. On one hand, decedents’ costs rise with age for
some services and fall with age for others and, in some cases, rise to a
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certain age and then fall thereafter. On the other hand, survivors’ costs
generally rise with age for all services. Typically we might expect that
because survivors make up the majority of any population and that costs
rise with age, age would still have a positive effect on expenditures even
after controlling for proximity to death. The “red herring” studies of
Zweifel, Felder, and Meiers and of Werblow, Felder, and Zweifel show
that after controlling for death, expenditures are age neutral in popula-
tions within five years of death. It is possible, however, that the inclusion
of longer-surviving populations in the analyses could alter this result.

Time Trends and Future Predictions

The greater detail of the statistical models in the time-to-death litera-
ture offers an opportunity for more specificity in both identifying time
trends in the relationship between expenditures and death and adjusting
forecasts of future health expenditures. For data sets covering a number of
years, calendar time itself can be included as a variable in the model spec-
ification, as the Zweifel, Felder, and Meiers and the Seshamani and Gray
studies do. Coefficients of the calendar year dummy variables steadily
rise with time, capturing the generally rising trend in per capita health
care expenditures that has been the rule in the developed world.

If calendar time variables interacted with time-to-death variables in
the models, the coefficients of these interaction terms would represent
statistical estimates of the time trend in the effect of time-to-death.
Unfortunately, the models reviewed here have not taken this step. But
two of the studies do provide some evidence on time trends in other ways.
Zweifel, Felder, and Meiers (1999) separated their data into two time
periods, 1981 to 1992 and 1991 to 1994. Using the eighth quarter before
death as a benchmark, they found that expenditures in the last six quarters
were significantly different in the first sample, whereas only the last three
quarters (all ages) or last quarter (65+) were significantly different in
the second, indicating that the duration of end-of-life morbidity—the
hatched bars of figure 2—may be shrinking. It is important to note,
however, that this shorter duration could be due as much to rises in costs
in the eighth quarter before death as to declines in the following quarters
and that the analysis was limited to just the last two years of life, so we
cannot make any firm conclusions about compression versus expansion
of morbidity. Using a longer period for their analysis, Seshamani and
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Gray (2004b) plotted time-to-death and expenditure curves for the last
ten years of life for cohorts dying in 1970, 1980, and 1990, which
showed that the slope of the curve progressively flattened over time.
The results of these two studies expand the findings from the cost-of-
dying literature that health care expenditures during time periods close
to death are growing more slowly than those further from death. While
the evidence to date is fairly limited, the potential for time-to-death
studies to provide more detailed confirmation of these trends, and to
expand on them by examining how they change with age, presents an
opportunity for future research.

The application of these results to modify forecasts of future health care
expenditures is also in its early stages. Typically, two different methods
of assigning future expenditures are applied to one or more demographic
projection scenarios. The first method assumes constant age-specific
spending rates, and the second incorporates the effects of time-to-death.
By adjusting for the effects of time-to-death, the second method ef-
fectively takes into account the possible health expenditure effects of
a change in future mortality. In the case of a demographic scenario in
which mortality rates do not change, little difference would be expected
between the two methods.

The results of these projections are fairly consistent. As a rule, greater
projected mortality gains and longer projection periods lead to larger
differences between projection methods. Stearns and Norton (2004) ap-
plied their Medicare time-to-death model to expenditure forecasts for
cohorts aged sixty-six to seventy in 1998 and 2020 and projected lower
expenditures than a strictly age-based model, by 9 percent and 15 per-
cent, respectively. Miller (2001) also used a Medicare model to test the
effect of time-to-death on different mortality scenarios through 2070.
Under the most moderate mortality gains (life expectancy in 2070 equal
to 82.0), the reduction in forecast expenditures is 15 percent, and un-
der the most aggressive scenario (life expectancy of 93.5), the reduction
grows to 57 percent. The difference between the time-to-death and age-
based models using Seshamani and Gray’s (2002) Oxford hospital data
for projections to 2026 is estimated at 12 percent.

Similar exercises using broader data sets—including social care such
as nursing homes and home care—from continental Europe estimate
lower differences among projection methods. Madsen, Serup-Hansen,
and Kristiansen (2002) reduced projections of Danish health care costs
in 2020 by 3.4 percent using time-to-death methods, and Breyer and
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Felder (2006) obtained a reduction of 3.6 percent using Swiss sickness
fund data and moderate mortality improvement through the year 2050.
Since social care costs depend relatively more on age and associated
frailty and less on time-to-death than do medical services like hospital
treatment, the effect of including social care in projections of health
care expenditures in an environment of falling mortality is to increase
the positive influence of growing elderly cohorts and to decrease the
importance of expense reductions due to fewer deaths.

Breyer and Felder added two interesting dimensions to their projec-
tion method. First, they introduced changes in end-of-life morbidity by
shifting the age-expenditure curve by the amount of the expected increase
in life expectancy. This adjustment reflects figure 2’s postponement of
morbidity scenario 2b and has the effect of lowering future expenditure
projections by another 4.4 percent, for a total reduction of 8.0 percent
when the effect of time-to-death also is included. If the compression of
morbidity scenario in 2c were to occur, the reduction would be greater
still.

A reduction of 8 percent in expenditure forecasts, though relatively
small, still may be important given the size of the health care sector in
developed countries. But the second added dimension of the Breyer and
Felder model helps put the reduction in context and points to other,
possibly more important, sources of health care cost increases. The au-
thors introduced an age-independent growth factor of 1 percent in per
capita expenditures, attributed to technological changes in medicine and
based on a calculation for such changes from 1970 to 1995. Stretched
out through 2050, this 1 percent of external growth adds 77 percent
to the projected expenditures for that year, dwarfing the impact of dif-
ferent mortality and time-to-death scenarios. If the future is anything
like the past in terms of technology and other drivers of health care cost
inflation, attributions of rising health care expenditures to population
aging—even as the percentage of the population over sixty-five rises
significantly—may be missing the true culprits.

Conclusions

The literature reviewed here creates a reasonably detailed picture of the
role of age, morbidity, and death in health care expenditures. The picture
is not a uniform one, as there is considerable variation across categories of
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expenditures, as well as across age groups, and the trends are not always
stable across jurisdictions or time periods. Morbidity appears to have
been reduced in recent years for all ages, but the duration and severity of
morbidity rise at older ages, so an aging population may experience more
morbidity in aggregate. To age ninety, the lifetime use of hospital care
grows relatively slowly with age at death and not at all thereafter, whereas
the lifetime use of nursing home and home care services accelerates to
age ninety and beyond.

These results point to the likely source of future age-driven pressures
on expenditures. Social care services to maintain health and lifestyle are
likely to grow much faster as a consequence of the population’s aging than
are medical treatments provided by hospitals and doctors. Prescription
drugs, which are used for both curative and maintenance purposes, could
fall somewhere in the middle. Yet in recent years, prescription drugs have
been one of the fastest-growing areas of the health care system, with
the costs growing for survivors and decedents alike. This discrepancy
highlights the point made in the forecasts by Breyer and Felder (also see,
e.g., Mayhew 2000) that other inflationary forces are at work, particularly
technology, which certainly applies to the case of pharmaceuticals. Even
as the proportion of the elderly population rises, it may not be decisive
in determining how health care expenditures change.

The existence of factors potentially more important than age in con-
tributing to future health spending growth should not discourage further
exploration of the relationship among aging, mortality, and health care
expenditures. Incorporating both age and proximity-to-death in expen-
diture models represents an important advance over simple age-based
models, especially for the elderly, for whom mortality rates are high.
Taking into account forecasts of lower mortality rates in both predicted
per capita expenditures and population counts lowers the forecast of to-
tal expenditures. Even though the reduction in total future expenditures
may be fairly small, the mix of services that account for these expendi-
tures could change significantly, with important implications for policy
and system management.

If the drop in expenditures because of falling death rates and lower
costs of dying appears to be relatively small, the end-of-life morbidity
literature offers another potential contributor to future cost reductions.
The compression of morbidity at the end of life could further ease the
pressure of aging on health care services by enabling persons of a given
age and proximity to death to remain healthier and more independent
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than they were in the past. But even though the morbidity prevalence
data broadly support the compression of morbidity, health expenditures
have not experienced a corresponding relative decline in the populations
where this is taking place. In fact, the evidence points in the oppo-
site direction, in which the costs further from death have been growing
faster and the time-to-death/expenditure curve has flattened. Among
the possible explanations for this apparent discrepancy are that improve-
ments in morbidity have been obtained through the use of more services.
More evidence is needed for time trends in both morbidity and health
expenditures relative to proximity to death to confirm these or other
explanations.

The discrepancy between lower morbidity and higher expendi-
tures also highlights the role of cohort effects. Comparing the
expenditure/time-to-death profiles of different ages at any point in time
compares cohorts that may be socioeconomically very different and may
use the health care system in very different ways. If the experience of the
first sixty years of the baby boom generation is any indication, the co-
hort effect could be most dramatic for this age group, which is wealthier,
better educated, and more inclined to demand preventive and person-
alized health care services. While the baby boom is not yet part of the
elderly population, the recent growth in per capita health expenditures
in percentage terms has been higher for its age group, forty-five to sixty-
four, than for the current elderly (CMS 2006). As cohorts with currently
higher expenditures age, the overall costs may begin to accelerate even
if mortality and morbidity continue to drop.

The potential policy responses to these complex dynamics are many.
The shift in health care utilization from end-of-life care to prevention,
chronic care, and symptom management has significant implications
for resource and infrastructure planning for future system needs, imply-
ing less use of hospital care and more use of prescription drugs, nurs-
ing homes, and home care. In all cases, decision makers may wish to
ensure that the costs of these services are justified by improvements
in future life expectancy, quality of life, and/or future system costs.
In addition, costs paid with public funds appear to be growing more
slowly than costs financed through a public-private mix, thereby raising
questions about who will be paying for what, whether the escalating
costs are due partly to relatively less cost control in these mixed sectors,
and whether issues related to access to needed services will emerge. To
the extent that aging, by providing a seemingly simple explanation for
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health care expenditure growth, has diverted attention from other cost
drivers, a better understanding of the role of aging should help focus the
debate.
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